Nitric oxide has multiple physiologic roles in the CNS. Inhibiting nitric oxide synthesis might therefore alter functional activity within the brain. We used ct4C]-2-deoxy glucose in vivo autoradiography to measure local CMRgk in "knockout" mice lacking the genes for either the endothelial (eNOS) or neuronal (nNOS) isoforms of nitric oxide synthase, and in the progenitor strains (SV129, CS7Bl/6). Glucose utili-Nitric oxide (NO) is a vital messenger molecule in volved in the regulation of numerous physiologic pro cesses within the central, cardiovascular, and peripheral nervous systems (Garthwaite 1991; Bredt and Snyder 1992; Ohno et aI., 1993; Dawson and Snyder, 1994) . Also, NO may mediate cell death secondary to N methyl-D-aspartate (NMDA) receptor activation in pro cesses such as ischemia and in neurodegenerative disor ders including Alzheimer's disease and Huntington's disease. Nitric oxide is implicated in neurotoxic pro cesses because of its capacity to interact with reactive oxygen intermediates, for example, its reaction with su peroxide anion (02-) to form the powerful oxidant per oxynitrite (ONOO-), which further decomposes to hy droxyl radicals (OH-) and nitrite ions (N02 -).
Nitric oxide is a labile free-radical gas that is not stored within tissues but diffuses freely across mem branes. Many of its biological effects are mediated by activation of soluble guanylyl cyclase. It is generated by the calmodulin-dependent oxidation of L-arginine to L citrulline catalyzed by the NO synthase (NOS) family of isoenzymes. Three NOS isoforms have been identified, of which the two constitutive isoforms, neuronal (nNOS, Type I) and endothelial (eNOS, Type III), mediate rapid events, including neurotransmission and vasodilation (Bredt et aI., 1991; Lamas et aI., 1992) . Selective dele tion of genes encoding nNOS or eNOS has been found to differentially alter responses to ischemic and neurotoxic insults (Hara et aI., 1996; Ayata et at, 1997) .
Since NO sub serves multiple roles in modulating neu ronal signal transduction, perturbations in NO synthesis might be expected to alter functional activity within the brain. To gain insight into the contributions of nNOS and eNOS isoforms to integrated functional activity, we used [ 1 4 C]-2-deoxyglucose in vivo autoradiography to inves tigate the effects of chronic inhibition of NO production on local cerebral metabolic rates for glucose (lCMR g l c)
in freely moving nNOS and eNOS knockout mice, com pared with levels in the two progenitor mouse strains, SV129 and C57BI/6. An abstract of this work has pre viously been published (Browne et aI., 1997) .
MATERIALS AND METHODS

Animals
The NOS knockout mice were generated by targeted disrup tion of nNOS or eNOS genes in 11 embryonic stem cell lines derived from SV129 mice (Huang et aI., 1993 (Huang et aI., , 1995 
Measurement of ICMR glc
Adult male mice (20 to 28 g) were anesthetized with 0.5% to I % halothane in 70%/30% nitrous oxide-oxygen mix, and PE- Ten timed arterial blood samples (approximately 30 /-lL) were taken over 45 minutes sampling times, weighted to reflect 14C_ 2-deoxyglucose uptake in the period immediately after injec tion and immediately centrifuged. Plasma 14C and glucose con centrations were measured by liquid scintillation analysis (5 /-lL) and semiautomated glucose oxidase assay (Beckman; 10 /-lL). At 45 minutes, the mice were decapitated, and their brains were removed and rapidly frozen in isopentane at -43°C.
Brains were cut into 20-/-lm coronal cryostat sections, triplicate consecutive sections collected onto heated covers lips at 140-/-lm intervals throughout the brain, and exposed to 14C-sensitive film (Kodak Biomax-MR, Glucose Analyzer II, Arlington
Heights, IL, U.S.A.) for 7 to 9 days with precalibrated 14C standards (Amersham, U.K.). Isotope concentrations in 48 brain regions were measured by densitometric analysis (MCID, Imaging Research, St. Catherines, Ontario, Canada), relative to the 14C standards. The ICMRglc was calculated using So koloff's operational equation using the lumped constant for the rat (Sokoloff et aI., 1977) in the absence of calculated rate constants for mouse brain.
Statistical analysis
Comparisons between lCMRglc values for each structure and physiologic variables were made by analysis of variance fol lowed by post hoc Fisher's protected least signficant difference test with Bonferroni correction for multiple comparisons.
RESULTS
Physiologic variables
Basal Paco2, Pao2, pH, and glucose levels, measured 10 minutes before the e 4 C]-2-deoxyglucose procedure, did not significantly differ between NOS knockout and wild-type mice ( 
Glucose utilization
The ICMR g \c values are presented in 
DISCUSSION
Since nNOS and eNOS subserve different functions within the CNS, we postulated that inactivation of the genes responsible for synthesis of either isoform might differentially alter the pattern of glucose metabolism within the brain, a marker for functional activity. Despite the widespread distribution of nNOS throughout the (Huang et aI., 1994; Hara et aI., 1996; Ayata et a!., 1997) . These results implicate nNOS in neurotoxicity after ischemia and excitotoxicity, whereas eNOS appears to be protec tive. However, a major concern with the use of knockout (Dawson and Snyder, 1994) . Other examples of physiologic compen sation by non-NO, non-cGMP-dependent pathways in clude the cerebral blood flow response to hypercapnia (Irikura et aI., 1995) or whisker stimulation (Ma et aI., 1996; Ayata et aI., 1996) . Our results are in agreement with previous reports that NOS inhibition (using the non specific NOS inhibitor NG-nitro-L-arginine methyl ester or the relatively nNOS-specific inhibitor 7 -nitroindazole) has little effect on cerebral glucose use in rats, despite reducing basal rates of cerebral blood flow (Macrae et aI., 1993; Kelly et aI., 1995a,b; Takahashi et aI., 1995) .
Glucose use did not differ between NOS knockout and C57Bl/6 mice. However, the lCMR g lc values reported in C57B1I6 mice in this study generally are lower than val ues reported elsewhere (Jay et aI., 1985) . Possible rea sons for this discrepancy include inter-experimenter dif ferences and differences in determination of the arterial input curve, for example, resulting from slow arterial catheter flow rates affecting sample times. The ICMR g lc values in subcortical regions of SV 129 mice generally were lower than in the corresponding regions of both C57Bl/6 and NOS knockout mice. The SV129 mice also exhibited increased basal arterial plasma glucose levels relative to the other strains (although not statistically significant), raising the possibility that increased stress in SV129 mice might affect measured glucose use values.
An alternative hypothesis is that a strain difference con tributes to the difference in ICMR g lc values, supported by recent reports that SV129 mice show increased suscep tibility to kainate-induced hippocampal cell death com pared with both C57BI/6 mice and SV129xC57Bl/6 hy brids (Schau wecker and Steward, 1997) , and that C57B1I6 mice are more susceptible to cell damage after global ischemia than SV129 mice (Fujii et aI., 1997) .
In summary, the current study demonstrates that de velopmental inhibition of synthesis of either endothelial or neuronal isoforms of NOS does not induce overt changes in cerebral functional activity, as reflected by ICMR g 1C ' in the mature mouse brain. Our findings sup port previous reports that the different responses of eNOS and nNOS knockout mice to cerebral ischemia and excitotoxicity reflect primary roles for nNOS in neu rotoxic mechanisms, and for eNOS in preserving cere bral blood flow, rather than secondary effects of the gene deletion on glucose utilization.
